Identification of a specific methionine in mammalian 15-lipoxygenase which is oxygenated by the enzyme product 13-HPODE: dissociation of sulfoxide formation from self-inactivation.
Mammalian 15-lipoxygenases undergo a characteristic self-inactivation. The oxygenation of a single methionine to methionine sulfoxide, by 13(S)-hydroperoxyoctadecadienoic acid (13-HPODE), was previously suggested as the cause of the inactivation of rabbit reticulocyte lipoxygenase. The site of oxygenation is potentially near the enzyme's active site; however, the specific location of the modified amino acid residue has not been identified. To determine which of the methionine residues is oxygenated, we inactivated both human and rabbit 15-lipoxygenases with 13-HPODE and sequentially denatured, reduced, carboxymethylated, and digested the enzymes with trypsin. The digested mixtures were analyzed by reverse-phase HPLC chromatography. Mass spectrometric analysis of each of the methionine-containing fractions enabled us to locate the peptide segments containing the oxidized methionine in both enzymes separately. Tandem electrospray mass spectrometry identified the oxidized methionine residues to be amino acid 590 in the human enzyme and 591 in the rabbit enzyme. To investigate the significance of this oxygenation, Met590 in human 15-lipoxygenase was substituted with leucine by site-directed mutagenesis. The mutant protein was inactivated by 13-HPODE, yet no oxygenated peptide or other modified peptide could be identified by HPLC-MS analysis. We also found that human 15-lipoxygenase was inactivated during arachidonate oxidation and by the reaction product 15(S)-hydroperoxyeicosatetraenoic acid (15-HPETE), and no modified peptide was detected. Thus, methionine oxygenation is not essential for the inactivation of human 15-lipoxygenase. We suggest, however, that Met590 is an amino acid in the substrate binding pocket of human 15-lipoxygenase and interacts with the enzyme product 13-HPODE.